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TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION:

“What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district

to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics

of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER:

“for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people,

the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG)

and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG

is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



TECHNICAL SUMMARY

In Part I of this limited study (ε = 10.3, for person file),

QUESTION: “What is the minimum TOTAL (ideal) population
of a district to have reliable characteristics of various demo-
graphic groups?”

For each of nearly 200,000 block groups (proxies for voting
districts) in the United States,

ANSWER: “for any block group with a TOTAL count near 600
people, the difference between the TDA ratio of the largest de-
mographic group (LDG) and the corresponding SWA ratio for
the LDG is less than or equal to 5 percentage points at least
95% of the time”.

, 3/37



- We also consider “places and minor civil divisions (MCDs)” as
proxies for districts.

A similar minimum TOTAL between 350 and
400 is observed for places and MCDs.

- No congressional or state legislative district failed our test for
reliability.
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Part II (previous ε = 4.0; latest ε = 10.3)

OBJECTIVE: Assess the variability of the 2021-04-28 version of
the TDA for congressional districts and state legislative districts in
Rhode Island and for three additional jurisdictions shared by the
U.S. Department of Justice.

FINDINGS: Given more development of the TDA, a larger ε, and
additional focus on how to allocate this ε, we see less variability
throughout with output from the latest TDA.

FINDINGS: As we reported in [5], relative variability in the TDA
increases as we consider smaller pieces of geography and
population.
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Part I

I.1. INTRODUCTION

QUESTION: “What is the minimum TOTAL (ideala) popula-
tion of a district to have reliable characteristics of various de-
mographic groups?”

For each of the 217,740 block groups in the United States, we
compare closeness between:

(a) published SWA counts based on a Swapping Algorithm (SWA)
applied to the 2010 Census Edited File and

(b) the corresponding TDA counts based on the 2021-04-28
version of the TDA applied to the 2010 Census Edited File.

Our comparisons are facilitated by the difference of ratios DR.
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Definition 1:

(1) CSWA(g) and CTDA(g) competing counts of demographic
group g associated with a block group.

(2) Total block group counts are CSWA and CTDA.

The difference of ratios is

DRg =

∣∣∣∣CSWA(g)

CSWA
− CTDA(g)

CTDA

∣∣∣∣. (1)

Small values of the difference of ratios DRg imply that the ratios
for a group g due to SWA and TDA in the block group are close.

Definition 2:

When DRg is sufficiently small, we say that the CTDA(g) count (or
ratio) provides a reliable characteristic for the block group.
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Table 1a: Block Group 240317044041 (564 HUs) Characteristics

(CTDA(g) counts result from 2021-04-28 version of the TDA.)

Demographic Group (g)b CSWA(g) CTDA(g) DRg =

˛̨̨̨
CSWA(g)

CSWA

−
CTDA(g)

CTDA

˛̨̨̨

TOTAL 1,560 1,587
TOTAL18 1,198 1,209

TOTALHISP 133 139 | 133
1,560

− 139
1,587
| = 0.0023

TOTALNH 1,427 1,448 | 1,427
1,560

− 1,448
1,587
| = 0.0023

WHITENH 1,169 1,185 | 1,169
1,560

− 1,185
1,587
| = 0.0027

BLACKNH 36 61 | 36
1,560

− 61
1,587
| = 0.0154

AIANNH 10 9 | 10
1,560

− 9
1,587
| = 0.0007

ASIANNH 187 182 | 187
1,560

− 182
1,587
| = 0.0052

HPINH 5 1 | 5
1,560

− 1
1,587
| = 0.0026

OTHERNH 11 1 | 11
1,560

− 1
1,587
| = 0.0064

MLTMNNH 9 9 | 9
1,560

− 9
1,587
| = 0.0001

HISP18 93 92 | 93
1,198

− 92
1,209
| = 0.0015

NONHISP18 1,105 1,117 | 1,105
1,198

− 1,117
1,209
| = 0.0015

WHITENH18 914 919 | 914
1,198

− 919
1,209
| = 0.0028

BLACKNH18 29 42 | 29
1,198

− 42
1,209
| = 0.0105

AIANNH18 8 9 | 8
1,198

− 9
1,209
| = 0.0008

ASIANNH18 142 140 | 142
1,198

− 140
1,209
| = 0.0027

HPINH18 2 1 | 2
1,198

− 1
1,209
| = 0.0008

OTHERNH18 6 1 | 6
1,198

− 1
1,209
| = 0.0042

MLTMNNH18 4 5 | 4
1,198

− 5
1,209
| = 0.0008
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Table 1b: Block Group 110010047012 (1,709 HUs) Characteristics
(CTDA(g) counts result from 2021-04-28 version of the TDA.)

Demographic Group (g) CSWA(g) CTDA(g) DRg =

˛̨̨̨
CSWA(g)

CSWA

−
CTDA(g)

CTDA

˛̨̨̨

TOTAL 2,875 2,902
TOTAL18 2,261 2,280

TOTALHISP 92 116 0.0080
TOTALNH 2,783 2,786 0.0080
WHITENH 541 529 0.0059
BLACKNH 1,686 1,697 0.0017
AIANNH 12 3 0.0031
ASIANNH 515 522 0.0007
HPINH 1 1 0.0000
OTHERNH 3 6 0.0010
MLTMNNH 25 28 0.0010

HISP18 86 100 0.0058
NONHISP18 2,175 2,180 0.0058
WHITENH18 529 519 0.0063
BLACKNH18 1,151 1,167 0.0028
AIANNH18 12 3 0.0040
ASIANNH18 460 465 0.0005
HPINH18 1 1 0.0000
OTHERNH18 3 6 0.0013
MLTMNNH18 19 19 0.0001
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CHARACTERISTICS
of TWELVE MORE BLOCK GROUPS
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Motivating Example for Reliable Characteristics

- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw

into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata:

Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum

where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group

and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic

for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if

its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable;

and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



Motivating Example for Reliable Characteristics
- Stratify the 12 block groups we just saw into 4 strata: Show DRg

for each stratum where g is largest demographic group and assume

- TDA count is reliable characteristic for the largest demographic group if
its DRg ≤ 0.0050.

Stratum 1: {0.0086, 0.0215, 0.0096}; No block groups reliable;

Stratum 2: {0.0015, 0.0194, 0.0131 }; 1 out of 3 (0.3333) reliable;

Stratum 3: {0.0033, 0.0001, 0.0041}; All 3 (1.0000) reliable; and

Stratum 4: {0.0007, 0.0003, 0.0020}. All 3 (1.0000) reliable.

, 14/37



I.4. THE QUESTION

What is C ∗
SWA?

CSWA(1) ≤ CSWA(2) ≤ CSWA(3) ≤ · · · ≤ C∗SWA ≤ · · · ≤ CSWA(217,739) ≤ CSWA(217,740),
(2)

where the CSWA(i) counts are the counts for the TOTAL block group, for
i = 1; 2; ...; 217, 740.
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Table: Proportion of Block Groups in Each Stratum for Three Criteria

(Computations use CTDA(g) counts that result from 2021-04-28 version of the TDA.)
Population: United States (50 States & DC)

Reliable Characteristics Criteria

Stratum for
Block Groups Number Criterion I Criterion II Criterion III
Using CSWA of Block
for TOTAL Groups LDG DRg ≤ 0.01 LDG DRg ≤ 0.03 LDG DRg ≤ 0.05

50 ≤ CSWA ≤ 99 128 0.1172 0.2812 0.4062
100 ≤ CSWA ≤ 149 99 0.0909 0.3030 0.4646
150 ≤ CSWA ≤ 199 124 0.1129 0.3710 0.5565
200 ≤ CSWA ≤ 249 154 0.2143 0.4545 0.7143
250 ≤ CSWA ≤ 299 209 0.2105 0.5167 0.7129
300 ≤ CSWA ≤ 349 264 0.2121 0.5871 0.7803
350 ≤ CSWA ≤ 399 407 0.2334 0.6757 0.8428
400 ≤ CSWA ≤ 449 569 0.2900 0.7188 0.8963
450 ≤ CSWA ≤ 499 915 0.3268 0.7628 0.9355
500 ≤ CSWA ≤ 549 1,699 0.3431 0.7905 0.9370

550 ≤ CSWA ≤ 599 3,238 0.3811 0.8295 0.9580
600 ≤ CSWA ≤ 649 5,131 0.3962 0.8564 0.9723
650 ≤ CSWA ≤ 699 6,683 0.4200 0.8692 0.9753
700 ≤ CSWA ≤ 749 7,356 0.4468 0.8802 0.9826
750 ≤ CSWA ≤ 799 8,170 0.4477 0.8973 0.9838
800 ≤ CSWA ≤ 849 8,213 0.4785 0.9190 0.9907
850 ≤ CSWA ≤ 899 8,441 0.4971 0.9231 0.9892
900 ≤ CSWA ≤ 949 8,657 0.5021 0.9287 0.9928
950 ≤ CSWA ≤ 999 8,723 0.5202 0.9411 0.9948

1,000 ≤ CSWA ≤ 1,049 8,398 0.5460 0.9447 0.9936

1,050 ≤ CSWA ≤ 1,099 8,345 0.5464 0.9575 0.9959
1,100 ≤ CSWA ≤ 1,149 7,950 0.5552 0.9572 0.9969
1,150 ≤ CSWA ≤ 1,199 7,860 0.5748 0.9626 0.9971
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Table (Continued):

Reliable Characteristics Criteria

Stratum for
Block Groups Number Criterion I Criterion II Criterion III
Using CSWA of Block
for TOTAL Groups LDG DRg ≤ 0.01 LDG DRg ≤ 0.03 LDG DRg ≤ 0.05

1,200 ≤ CSWA ≤ 1,249 7,451 0.5770 0.9691 0.9977
1,250 ≤ CSWA ≤ 1,299 7,124 0.6049 0.9698 0.9983
1,300 ≤ CSWA ≤ 1,349 6,714 0.6151 0.9724 0.9993
1,350 ≤ CSWA ≤ 1,399 6,507 0.6178 0.9743 0.9989
1,400 ≤ CSWA ≤ 1,449 5,911 0.6287 0.9785 0.9980
1,450 ≤ CSWA ≤ 1,499 5,617 0.6386 0.9810 0.9993
1,500 ≤ CSWA ≤ 1,549 5,390 0.6471 0.9848 0.9996
1,550 ≤ CSWA ≤ 1,599 4,856 0.6623 0.9841 0.9992
1,600 ≤ CSWA ≤ 1,649 4,508 0.6528 0.9878 0.9998
1,650 ≤ CSWA ≤ 1,699 4,325 0.6805 0.9864 0.9998
1,700 ≤ CSWA ≤ 1,749 4,093 0.6895 0.9924 0.9993
1,750 ≤ CSWA ≤ 1,799 3,689 0.6837 0.9883 0.9997
1,800 ≤ CSWA ≤ 1,849 3,469 0.7094 0.9928 0.9997
1,850 ≤ CSWA ≤ 1,899 3,252 0.7011 0.9889 1.0000
1,900 ≤ CSWA ≤ 1,949 3,008 0.7048 0.9924 0.9997
1,950 ≤ CSWA ≤ 1,999 2,832 0.7334 0.9926 0.9996
2,000 ≤ CSWA ≤ 2,049 2,573 0.7178 0.9953 1.0000
2,050 ≤ CSWA ≤ 2,099 2,356 0.7394 0.9949 1.0000
2,100 ≤ CSWA ≤ 2,149 2,307 0.7391 0.9944 0.9991
2,150 ≤ CSWA ≤ 2,199 2,033 0.7634 0.9970 1.0000
2,200 ≤ CSWA ≤ 2,249 1,999 0.7564 0.9970 0.9995
2,250 ≤ CSWA ≤ 2,299 1,892 0.7627 0.9963 1.0000
2,300 ≤ CSWA ≤ 2,349 1,666 0.7533 0.9976 0.9994
2,350 ≤ CSWA ≤ 2,399 1,622 0.7608 0.9957 1.0000
2,400 ≤ CSWA ≤ 2,449 1,421 0.7643 0.9986 1.0000
2,450 ≤ CSWA ≤ 2,499 1,350 0.7733 0.9970 0.9993

Total 199,698
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Using public released data

(one run of the 2021-04-28 version of
TDA), we might say, empirically based on the data for the block
groups used in our study, that

“for any block group with a TOTAL count near 600 people, the
difference between the TDA ratio of the largest demographic
group (LDG) and the corresponding SWA ratio for the LDG is
less than or equal to 5 percentage points at least 95% of the
time”.
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Applied same version of TDA

25 independent times (runs) to CEF.

Stratum for each run, where 0.9500 was exceeded is in Table.

Table: For Each Run, the Stratum and Stratum Proportion When 0.9500 First Exceeded
Population: United States (50 States & DC)

Criterion III
LDG DRg ≤ 0.05

Stratum for Proportion When
TDA Run Block Groups 0.9500 First Exceeded

1 550 ≤ CSWA ≤ 599 0.9589
2 550 ≤ CSWA ≤ 599 0.9605
3 550 ≤ CSWA ≤ 599 0.9623
4 550 ≤ CSWA ≤ 599 0.9642
5 550 ≤ CSWA ≤ 599 0.9608
6 550 ≤ CSWA ≤ 599 0.9580
7 550 ≤ CSWA ≤ 599 0.9592
8 550 ≤ CSWA ≤ 599 0.9614
9 550 ≤ CSWA ≤ 599 0.9595

10 550 ≤ CSWA ≤ 599 0.9636
11 550 ≤ CSWA ≤ 599 0.9592
12 550 ≤ CSWA ≤ 599 0.9589
13 550 ≤ CSWA ≤ 599 0.9592
14 550 ≤ CSWA ≤ 599 0.9617
15 550 ≤ CSWA ≤ 599 0.9589
16 550 ≤ CSWA ≤ 599 0.9617
17 550 ≤ CSWA ≤ 599 0.9617
18 550 ≤ CSWA ≤ 599 0.9614
19 550 ≤ CSWA ≤ 599 0.9592
20 550 ≤ CSWA ≤ 599 0.9558
21 550 ≤ CSWA ≤ 599 0.9592
22 550 ≤ CSWA ≤ 599 0.9589
23 550 ≤ CSWA ≤ 599 0.9580
24 550 ≤ CSWA ≤ 599 0.9611
25 550 ≤ CSWA ≤ 599 0.9568
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.

“Place and MCD” (21,00+ entities) as Alternative to “Block Group”

Table: For Each Run, the Stratum and Stratum Proportion When 0.9500 First Exceeded
Population: United States (50 States & DC)

Criterion III
LDG DRg ≤ 0.05

Stratum for Proportion When
TDA Run Places & MCDs 0.9500 First Exceeded

1 300 ≤ CSWA ≤ 349 0.9621
2 250 ≤ CSWA ≤ 299 0.9580
3 300 ≤ CSWA ≤ 349 0.9598
4 250 ≤ CSWA ≤ 299 0.9580
5 300 ≤ CSWA ≤ 349 0.9665
6 300 ≤ CSWA ≤ 349 0.9688
7 300 ≤ CSWA ≤ 349 0.9688
8 300 ≤ CSWA ≤ 349 0.9621
9 300 ≤ CSWA ≤ 349 0.9754

10 300 ≤ CSWA ≤ 349 0.9576
11 300 ≤ CSWA ≤ 349 0.9598
12 300 ≤ CSWA ≤ 349 0.9777
13 300 ≤ CSWA ≤ 349 0.9598
14 300 ≤ CSWA ≤ 349 0.9688
15 300 ≤ CSWA ≤ 349 0.9688
16 300 ≤ CSWA ≤ 349 0.9643
17 300 ≤ CSWA ≤ 349 0.9732
18 300 ≤ CSWA ≤ 349 0.9665
19 300 ≤ CSWA ≤ 349 0.9710
20 300 ≤ CSWA ≤ 349 0.9621
21 300 ≤ CSWA ≤ 349 0.9688
22 350 ≤ CSWA ≤ 399 0.9520
23 300 ≤ CSWA ≤ 349 0.9643
24 300 ≤ CSWA ≤ 349 0.9598
25 300 ≤ CSWA ≤ 349 0.9732
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.

“Congressional & State Legislative District” as Alternative to “Block Group”

– Congressional district(s) (CD)

– State legislative districts in an upper chamber (SLDU)

– State legislative districts in a lower chamber (SLDL)

CD SLDU SLDL

Number of Districts in U.S. 436 1,946 4,785

Min Population 526,283 13,629 3,173
Median Population 705,831 121,212 41,713
Mean Population 708,132 158,656 64,016
Max Population 989,415 940,612 470,325
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Table: For Each Run, the Stratum and Stratum Proportion When 0.9500 First Exceeded
Population: United States (50 States & DC)

Criterion III
LDG DRg ≤ 0.05

Stratum for Proportion When
TDA Run Congressional & State Legislative Districts 0.9500 First Exceeded

1 3, 150 ≤ CSWA ≤ 3, 199 1.0000
2 3, 150 ≤ CSWA ≤ 3, 199 1.0000
3 3, 150 ≤ CSWA ≤ 3, 199 1.0000
4 3, 150 ≤ CSWA ≤ 3, 199 1.0000
5 3, 150 ≤ CSWA ≤ 3, 199 1.0000
6 3, 150 ≤ CSWA ≤ 3, 199 1.0000
7 3, 150 ≤ CSWA ≤ 3, 199 1.0000
8 3, 150 ≤ CSWA ≤ 3, 199 1.0000
9 3, 150 ≤ CSWA ≤ 3, 199 1.0000

10 3, 150 ≤ CSWA ≤ 3, 199 1.0000
11 3, 150 ≤ CSWA ≤ 3, 199 1.0000
12 3, 150 ≤ CSWA ≤ 3, 199 1.0000
13 3, 150 ≤ CSWA ≤ 3, 199 1.0000
14 3, 150 ≤ CSWA ≤ 3, 199 1.0000
15 3, 150 ≤ CSWA ≤ 3, 199 1.0000
16 3, 150 ≤ CSWA ≤ 3, 199 1.0000
17 3, 150 ≤ CSWA ≤ 3, 199 1.0000
18 3, 150 ≤ CSWA ≤ 3, 199 1.0000
19 3, 150 ≤ CSWA ≤ 3, 199 1.0000
20 3, 150 ≤ CSWA ≤ 3, 199 1.0000
21 3, 150 ≤ CSWA ≤ 3, 199 1.0000
22 3, 150 ≤ CSWA ≤ 3, 199 1.0000
23 3, 150 ≤ CSWA ≤ 3, 199 1.0000
24 3, 150 ≤ CSWA ≤ 3, 199 1.0000
25 3, 150 ≤ CSWA ≤ 3, 199 1.0000
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I.5. CONCLUDING REMARKS FOR PART I

Remark 1:
- C ∗

SWA is an empirical result.
- Seems to hold for (1) block groups; (2) places and MCDs; (3)
congressional and state legislative districts.
Remark 2:
- While small demographic groups are important, in the context of
redistricting, it is the largest among the demographic groups that
have the potential to form districts where sufficiently large (and
compact) minority groups have the opportunity “to elect
representatives of their choice”.
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Part II

II.1. INTRODUCTION

Part II.
- Update of earlier study in [5] where ε = 4.0 and the 2019-10-31
version of TDA was used;
- In this study, ε = 10.3 and advances have been made resulting in
the 2021-04-28 version of TDA.
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2010 Census Data for Rhode Island

Rhode Island has:

- two (2) congressional districts (CD),

- 38 state legislative districts (SLDU) in its upper legislative
chamber, and

- 75 state legislative districts (SLDL) in its lower legislative
chamber.

2010 Census Data for Three Cases Provided by DOJ
Conduct similar analyses of data in

- Panola County, Mississippi (MS) (2,180 blocks);

- Tate County (School District), MS (784 blocks); and

- Tylertown (Walthall County), MS (136 blocks).
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2010 Census IDEAL POPULATION =
34, 707

5
= 6, 941.4 TDA IDEAL POPULATION =

34, 702

5
= 6, 940.4
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2010 Census IDEAL POPULATION =
18, 823

5
= 3, 764.6 TDA IDEAL POPULATION =

18, 831

5
= 3, 766.2
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2010 Census IDEAL POPULATION =
1, 609

4
= 402.25 TDA IDEAL POPULATION =

1, 617

4
= 404.25
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Figure 1

Jurisdiction District IDEAL POPULATION AVERV (1)
Rhode Island CD-01 526,283.50 0.011
Rhode Island CD-02 526,283.50 0.016

Rhode Island SLDU-01 27,699.10 0.062
Rhode Island SLDU-02 27,699.10 0.093
Rhode Island SLDU-03 27,699.10 0.079
Rhode Island SLDU-04 27,699.10 0.075

Rhode Island SLDL-01 14,034.2 0.118
Rhode Island SLDL-02 14,034.20 0.082
Rhode Island SLDL-03 14,034.20 0.090
Rhode Island SLDL-04 14,034.20 0.100

Panola County, MS D-01 6,941.40 0.373
Panola County, MS D-02 6,941.40 0.405
Panola County, MS D-03 6,941.40 0.347
Panola County, MS D-04 6,941.40 0.395
Panola County, MS D-05 6,941.40 0.367

Tate County Schools, MS D-01 3,764.60 0.439
Tate County Schools, MS D-02 3,764.60 0.508
Tate County Schools, MS D-03 3,764.60 0.522
Tate County Schools, MS D-04 3,764.60 0.523
Tate County Schools, MS D-05 3,764.60 0.568

Tylertown, MS D-01 402.25 0.667
Tylertown, MS D-02 402.25 0.644
Tylertown, MS D-03 402.25 0.491
Tylertown, MS D-04 402.25 0.832
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II.8. CONCLUDING REMARKS FOR PART II
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